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Aprocess unit comprising: (a) a ?rst microchannel module 
comprising: a ?rst unit operation including microchan 
nels, in Which at least a portion of a unit operation takes 
place, adapted to be in ?uid communication With a ?rst inlet 
stream and a ?rst outlet stream, and (ii) a second unit 
operation including microchannels adapted to be in thermal 
communication With the ?rst unit operation, the second unit 
operation adapted to be in ?uid communication With a 
second inlet stream and a second outlet stream; and (b) a 
pressurized vessel at least partially containing the ?rst 
microchannel module adapted to be concurrently occupied 
by a compressive medium in thermal communication With 
the ?rst microchannel module. 
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MICROCHANNEL COMPRESSION REACTOR 

BACKGROUND 

[0001] The present disclosure is related to unit operations 
Where at least a portion of the unit operation is in compres 
sion; and more particularly, to unit operations Where at least 
a portion of the unit operation is contained Within a pressure 
vessel and maintained in compression. 

[0002] Prior art disclosures, such as US. Pat. No. 5,167, 
930, disclose a sealed chamber encasing a reactor, Where the 
pressure Within the sealed chamber equals that of the reactor. 
The equalization of pressures betWeen reactor and chamber 
is maintained by providing an expandable reactor and an 
expandable sealed chamber that accommodated for such 
changes. 
[0003] Other prior art disclosures, such as U.S. Pat. No. 
3,515,520, disclose a reactor With an internal corrosion 
resistant sleeve adapted to receive a catalyst and/or a cor 
rosive reactant therein. The sleeve is jacketed by a higher 
pressure How of a non-corrosive reactant to prohibit leaks in 
the sleeve from leaking the corrosive reactant and/or catalyst 
and making contact With the exterior reactor Walls. The 
non-corrosive reactant enters the sleeve through an opening 
and exits via another opening in ?uid communication With 
the catalyst/corrosive reactant and is thereafter consumed 
through the normal reaction process. 

[0004] Still further prior art disclosures, such as US. Pat. 
No. 2,462,517, disclose a multiple Walled reactor Where an 
internal, ?rst Wall con?nes the reaction chamber, and a 
second Wall de?nes a cavity occupied by a pressuriZed 
atmosphere, and a third Wall de?nes a cavity occupied by a 
cooling ?uid. The pressuriZed atmosphere is used to regulate 
the external reactor vessel pressure, While the cooling ?uid 
is used to regulate the thermal energy Within the pressuriZed 
reservoir and the reactor. 

SUMMARY 

[0005] The present disclosure is related to unit operations 
Where at least a portion of the unit operation is in compres 
sion; and more particularly, to unit operations Where at least 
a portion of the unit operation is contained Within a pressure 
vessel and maintained in compression by a compressive 
medium that may include, Without limitation, an inert 
medium and a chemical reactant. The compressive nature of 
the medium ensures that a leak Within the unit operation Will 
result in the ingress of the medium into the unit operation 
and inhibit the egress of any material from the unit opera 
tion. Aunit operation may include one or more of a chemical 

reactor, a mixer, a chemical separation unit, and a heat 
exchanger. A chemical separation unit may perform, Without 
limitation, distillation, extraction, absorption, and adsorp 
tion. Afurther detailed embodiment makes available an inert 
medium generally isothermal With the unit operation to 
concurrently maintain compression of the unit operation and 
provide a suf?cient source of the inert medium for purging 
a chemical reactor of the unit operation during a reactor 
shutdoWn procedure. 

[0006] The present disclosure is also related to chemical 
reactors, Which utiliZe microchannel technology, in Which at 
least a portion of the reaction takes place Within the micro 
channels. More speci?cally, the present disclosure makes 
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use of a chemical reactor comprising a plurality of micro 
channels maintained in compression from a compressive, 
possibly inert, medium external thereto. Even more speci? 
cally, the inert medium may provide heating or cooling of 
the microchannels and, When applicable, a blocking medium 
to inhibit reactant and/or product from exiting the chemical 
reactor if the integrity of the reactor has been compromised 
and/or to purge the reactor during a shutdoWn procedure. 

[0007] Accordingly, it is a ?rst aspect of the invention to 
provide a chemical process system comprising: (a) a ?rst 
unit operation adapted to be in ?uid communication With an 
inlet stream and an outlet stream; (b) a pressure vessel at 
least partially containing the ?rst unit operation therein, the 
pressure vessel concurrently adapted to be occupied by an 
inert medium to compress the ?rst unit operation; and (c) a 
purge stream adapted to be in ?uid communication With an 
inert medium source for selectively conveying the inert 
medium from the inert medium source and into ?uid com 
munication With the ?rst unit operation. 

[0008] In a detailed embodiment of the ?rst aspect, the 
?rst unit operation includes a chemical reactor. In a more 
detailed embodiment, the chemical process system includes 
a second unit operation in thermal communication With the 
?rst unit operation. In yet a further detailed embodiment, the 
second unit operation includes at least one of a heat 
exchanger and a chemical reactor. In another more detailed 
embodiment, at least one of the ?rst unit operation and the 
second unit operation includes microchannels. In yet another 
more detailed embodiment, the chemical reactor includes 
microchannels, the inlet stream includes a ?rst reactant 
stream, and the outlet stream includes a ?rst product stream. 
In a further detailed embodiment, the ?rst unit operation is 
at least one of cooled and heated at least in part by the inert 
medium. In still a further more detailed embodiment, the 
inert medium includes at least one of helium, neon, argon, 
krypton, xenon, Water and nitrogen. In yet a further more 
detailed embodiment, the microchannels include a catalyst. 
In another detailed embodiment, the catalyst comprises at 
least one of a catalytic lining, a catalytic pellet, and a 
catalytic insert. In yet another more detailed embodiment, 
the inert medium Within the pressure vessel is in ?uid 
communication With at least one of a heat exchanger, a 
compressor, and an inert medium source. In still a further 
more detailed embodiment, the chemical process system 
includes a controller operatively coupled to a ?rst sensor 
monitoring an internal pressure Within the pressure vessel 
and a second sensor monitoring an internal pressure Within 
the ?rst unit operation, Where the controller is responsive to 
data generated by the ?rst sensor and the second sensor to 
operate the pressure vessel at a higher pressure than the ?rst 
unit operation. 

[0009] In an alternate detailed embodiment of the ?rst 
aspect, the controller is operatively coupled to a vent valve 
in ?uid communication With the pressure vessel to selec 
tively vent at least a portion of the inert medium Within the 
pressure vessel to decrease the internal pressure Within the 
pressure vessel. In a further detailed embodiment, the con 
troller is operative to detect a leak Within the ?rst unit 
operation from the data generated by the ?rst sensor. In yet 
a further detailed embodiment, the second unit operation is 
at least partially contained Within the pressure vessel. 

[0010] It is a second aspect of the invention to provide a 
chemical process system comprising: (a) a ?rst unit opera 
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tion including microchannels adapted to be in ?uid commu 
nication With an inlet stream and an outlet stream; (b) a 
second unit operation in thermal communication With the 
?rst unit operation; and (c) a pressure vessel at least partially 
containing the ?rst unit operation therein and concurrently 
occupied by a compressive medium adapted to maintain the 
?rst unit operation in compression. 

[0011] In a detailed embodiment of the second aspect, the 
second unit operation includes at least one of a heat 
exchanger and a chemical reactor. In a more detailed 
embodiment, the second unit operation includes a chemical 
reactor adapted to be in ?uid communication With a reactant 
stream and a product stream. In yet a further detailed 
embodiment, the second unit operation also includes a heat 
exchanger facilitating thermal energy transfer betWeen the 
second unit operation and the ?rst unit operation. In yet 
another more detailed embodiment, the second unit opera 
tion includes a heat exchanger facilitating thermal energy 
transfer betWeen the second unit operation and the ?rst unit 
operation. In a further detailed embodiment, the chemical 
process system includes a purge stream in ?uid communi 
cation With the compressive medium and in selective ?uid 
communication With the ?rst unit operation. In still a further 
more detailed embodiment, the ?rst unit operation and the 
second unit operation each include at least one of a chemical 
reactor, a heat exchanger, a mixer, and a separation unit. 

[0012] In a further detailed embodiment of the second 
aspect, the pressure vessel at least partially contains the 
second unit operation. In a more detailed embodiment, the 
second unit operation includes microchannels, and the ?rst 
unit operation and the second unit operation are coupled 
together in a single microchannel module. In yet a further 
detailed embodiment, the ?rst unit operation and/or the 
second unit operation includes a chemical reactor, the ?rst 
and/or second unit operation includes a catalyst in series 
With the microchannels thereof, and the catalyst comprises 
at least one of a catalytic lining, a catalytic pellet, and a 
catalytic insert. In yet another more detailed embodiment, 
the pressure vessel at least partially contains a plurality of 
microchannel modules therein. In a further detailed embodi 
ment, at least one of the microchannels of the ?rst unit 
operation and the microchannels of the second unit opera 
tion include a catalyst in series thereWith, and the micro 
channels at least one of upstream of the catalyst and doWn 
stream from the catalyst comprise a heat exchanger. In still 
a further more detailed embodiment, the microchannels of 
the ?rst unit operation are adapted to carry a ?rst ?uid in a 
?rst direction and the microchannels of the second unit 
operation are adapted to carry a second ?uid in a second 
direction, Where the ?rst direction and the second direction 
may be different. In yet another more detailed embodiment, 
the chemical process system includes a controller to regulate 
an internal pressure Within the pressure vessel, and Where 
the pressure vessel includes a recycle stream for cycling the 
compressive medium into and out of the pressure vessel 

[0013] It is a third aspect of the present invention to 
provide a method of starting up one or more unit operations, 
the method comprising the steps of: (a) feeding a material to 
a ?rst unit operation including microchannels therein; (b) 
processing, Within the ?rst unit operation, at least a portion 
of the material; (c) monitoring at least one of internal 
pressure, temperature, and concentration Within the ?rst unit 
operation or doWnstream from the ?rst unit operation; and 
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(d) pressuriZing a containment device, at least partially 
containing the ?rst unit operation therein, With a compres 
sive medium to maintain a pressure differential betWeen an 
internal pressure Within the containment device and an 
internal pressure Within the ?rst unit operation such that the 
internal pressure Within the containment device is greater 
than the internal pressure Within the ?rst unit operation. 

[0014] In a detailed embodiment of the third aspect, the 
method includes the step of adjusting the internal pressure 
Within the containment device to track the internal pressure 
Within the ?rst unit operation. In a more detailed embodi 
ment, the ?rst unit operation includes a tubular ?oW reactor. 
In yet a further detailed embodiment, the pressuriZing step 
includes the step of monitoring the internal pressure Within 
the containment device. In another more detailed embodi 
ment, the pressuriZing step includes providing selective ?uid 
communication betWeen the containment device and a com 
pressive medium source. In yet another more detailed 
embodiment, the compressive medium includes at least one 
of an inert medium, the material fed to the unit operation, 
and the processed material exiting the unit operation. In a 
further detailed embodiment, the method includes the steps 
of feeding a composition to a second unit operation, pro 
cessing, Within the second unit operation, at least a portion 
of the composition, monitoring at least one of internal 
pressure, temperature, and concentration Within the second 
unit operation or doWnstream from the second unit opera 
tion, and pressuriZing the containment device, at least par 
tially containing the second unit operation therein, With the 
compressive medium to maintain the pressure differential 
betWeen the internal pressure Within the containment device 
and an internal pressure Within the second unit operation 
such that the internal pressure Within the containment device 
is greater than the internal pressure Within the second unit 
operation. In still a further more detailed embodiment, the 
second unit operation includes microchannels through 
Which the composition may ?oW therethrough. 

[0015] It is a fourth aspect of the present invention to 
provide a method of shutting doWn one or more unit 
operations, the method comprising the steps of: (a) contain 
ing at least a portion of a ?rst unit operation, including 
microchannels, Within a pressure containment vessel includ 
ing an inert medium operative to compress the ?rst unit 
operation; (b) decreasing material Within a supply stream 
entering the ?rst unit operation; (c) directing inert medium 
into ?uid communication With the ?rst unit operation to 
provide an inert concentration Within the ?rst unit operation; 
(d) monitoring at least one of pressure, temperature, and 
concentration at least one of Within and doWnstream from 
the ?rst unit operation; and (e) increasing the inert medium 
concentration Within the ?rst unit operation. 

[0016] In a detailed embodiment of the fourth aspect, the 
containing step includes the step venting the inert medium to 
a loWer pressure sink to reduce an internal pressure of the 
pressure containment vessel. In a more detailed embodi 
ment, the directing step includes directing at least a portion 
of the inert medium from the pressure containment vessel 
into ?uid communication With the ?rst unit operation to 
provide the inert concentration Within the ?rst unit opera 
tion. In yet a further detailed embodiment, the method 
includes the steps of containing at least a portion of a second 
unit operation Within the pressure containment vessel 
including the inert medium operative to compress the second 
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unit operation, decreasing a feed supply Within a feed supply 
stream entering the second unit operation, and monitoring at 
least one of pressure, temperature, and concentration at least 
one of Within and doWnstream from the second unit opera 
tion. In another more detailed embodiment, the method 
includes the steps of directing inert medium into ?uid 
communication With the second unit operation to provide an 
inert concentration Within the second unit operation, and 
increasing the inert medium concentration Within the second 
unit operation. In yet another more detailed embodiment, the 
second unit operation includes microchannels. 

[0017] It is a ?fth aspect of the present invention to 
provide a unit operation containment system comprising: (a) 
a ?rst unit operation including microchannels adapted to be 
coupled to a supply stream and an outlet stream; (b) a 
pressure containment device adapted to maintain at least a 
portion of the ?rst unit operation in compression via a 
pressuriZed medium, Where the pressure containment device 
is in selective ?uid communication With a medium source; 
and (c) a controller operatively coupled to at least a ?rst 
system sensor detecting an internal pressure Within the ?rst 
unit operation and a second system sensor detecting an 
internal pressure Within the pressure containment device, the 
controller being responsive to data generated by the ?rst 
system sensor and the second system sensor to adjust the 
internal pressure Within the pressure containment device. 

[0018] In a detailed embodiment of the ?fth aspect, the 
?rst unit operation includes a plurality of microchannels in 
Which at least a portion of a chemical reaction takes place. 
In a more detailed embodiment, the unit operation contain 
ment system includes a second unit operation in thermal 
communication With the ?rst unit operation. In yet a further 
detailed embodiment, the second unit operation includes 
microchannels therein, Where the microchannels of the sec 
ond unit operation are coupled to the microchannels of the 
?rst unit operation to provide an integrated module. In 
another more detailed embodiment, the pressure contain 
ment device includes an integrated module at least partially 
housed therein, the ?rst unit operation includes a chemical 
reactor, the second unit operation includes at least one of a 
chemical reactor and a heat exchanger, the chemical reactor 
of the ?rst unit operation is housed Within the pressure 
containment device, and at least one of a chemical reactor 
and a heat exchanger of the second unit operation are housed 
Within the pressure containment device. In yet another more 
detailed embodiment, the controller is operatively coupled 
to a control valve in ?uid communication With the medium 
source and upstream from the pressure containment device 
to selectively provide the pressuriZed medium to the con 
tainment device and increase the internal pressure therein in 
response to data received from the ?rst sensor and the 
second sensor, and the pressure containment device includes 
an outlet stream including a vent valve in series thereWith to 
vent excess pressuriZed medium from the pressure contain 
ment device. In a further detailed embodiment, the pressure 
containment device includes a purge valve in series there 
With, operatively coupled to the controller, and in selective 
?uid communication With the ?rst unit operation. In still a 
further more detailed embodiment, the second unit operation 
includes a chemical reactor in thermal communication With 
the chemical reactor of the ?rst unit operation. 

[0019] In a detailed embodiment of the ?fth aspect, the 
?rst unit operation includes a heat exchanger comprising 
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microchannels at least one of upstream and doWnstream 
from the chemical reactor of the ?rst unit operation, and the 
second unit operation includes a heat exchanger comprising 
microchannels at least one of upstream and doWnstream 
from the chemical reactor of the second unit operation and 
in thermal communication With the heat exchanger of the 
?rst unit operation. In yet another more detailed embodi 
ment, the recycle stream is in series With a compressor, a 
pump, a condenser, and a heat exchanger. In still a further 
more detailed embodiment, a volume of the inert medium 
Within the pressure containment device is available to purge 
the reactor. In a more detailed embodiment, the pressure 
containment vessel includes a recycle stream, and the 
recycle stream is in series With a compressor, a condenser, 
and a heat exchanger. In yet a further detailed embodiment, 
the second unit operation includes microchannels therein, 
the pressuriZed vessel includes at least one refurbishment 
line to refurbish a catalyst in series With a chemical reactor 
of the ?rst unit operation. In another more detailed embodi 
ment, the pressuriZed medium includes an inert medium, and 
the inert medium Within the pressure containment device is 
in selective ?uid communication With a chemical reactor of 
the ?rst unit operation 

[0020] It is a sixth aspect of the present invention to 
provide a process unit comprising a ?rst microchannel 
module comprising: (a) a ?rst unit operation including 
microchannels, in Which at least a portion of a unit operation 
takes place, adapted to be in ?uid communication With a ?rst 
inlet stream and a ?rst outlet stream, a second unit operation 
including microchannels adapted to be in thermal commu 
nication With the ?rst unit operation, the second unit opera 
tion adapted to be in ?uid communication With a second inlet 
stream and a second outlet stream; and (b) a pressuriZed 
vessel, at least partially containing the ?rst microchannel 
module, adapted to be concurrently occupied by a compres 
sive medium in thermal communication With the ?rst micro 
channel module. 

[0021] In a detailed embodiment of the sixth aspect, at 
least one microchannel of the ?rst unit operation is adjacent 
to at least one microchannel of the second unit operation and 
in thermal communication thereWith, While at least one of a 
chemical reactor, a mixer, a chemical separation unit, and a 
heat exchanger includes at least one microchannel of the ?rst 
unit operation, and at least one of a chemical reactor, a 
mixer, a chemical separation unit, and a heat exchanger 
includes at least one microchannel of the second unit opera 
tion. In a more detailed embodiment, the ?rst unit operation 
includes a chemical reactor including at least one micro 
channel, While at least one microchannel of the ?rst unit 
operation includes a catalyst in series thereWith, and the 
catalyst comprises at least one of a catalytic lining, a 
catalytic pellet, and a catalytic insert. In yet a further detailed 
embodiment, the chemical reactor of the ?rst unit operation 
houses the catalyst therein, While at least one microchannel 
of the ?rst unit operation is adjacent to at least one micro 
channel of the second unit operation, and at least one 
microchannel of the ?rst unit operation is adapted to carry a 
?rst ?uid therein in a ?rst direction and at least one micro 
channel of the second unit operation is adapted to carry a 
second ?uid in a second direction. In another more detailed 
embodiment, the pressuriZed vessel is generally cylindrical 
in shape, and the ?rst microchannel module is generally 
rectangular in cross-section. In yet another more detailed 
embodiment, at least one of the ?rst unit operation and the 
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second operation is in ?uid communication With the open 
atmosphere. In a further detailed embodiment, the ?rst unit 
operation includes a ?rst chemical reactor adapted to receive 
a ?rst reactant feed via the ?rst inlet stream, the second unit 
operation includes a second chemical reactor adapted to 
receive a second reactant feed via the second inlet stream, 
the ?rst chemical reactor and the second chemical reactor 
are adapted to be maintained in compression by the com 
pressive medium Within the pressuriZed vessel, and the ?rst 
microchannel module comprises a plurality of laminated 
sheets. 

[0022] It is a seventh aspect of the present invention to 
provide a process unit comprising: (a) a ?rst chemical 
reactor including microchannels adapted to be in ?uid 
communication With a ?rst reactant stream and a ?rst 

product stream; (b) a second chemical reactor including 
microchannels adapted to be in thermal communication With 
the ?rst chemical reactor, Where the microchannels of the 
second chemical reactor are adapted to be in ?uid commu 
nication With a second reactant stream and a second product 
stream; and (c) a pressuriZed vessel containing the ?rst 
chemical reactor and the second chemical reactor, Where the 
pressuriZed vessel is adapted to be concurrently occupied by 
a compressive medium in thermal communication With the 
?rst chemical reactor. 

[0023] In a detailed embodiment of the seventh aspect, the 
compressive medium includes Water and the pressuriZed 
vessel is an elevated temperature Water source. In a more 

detailed embodiment, the compressive medium includes an 
inert medium. In yet a further detailed embodiment, the ?rst 
chemical reactor accommodates a throughput of betWeen 
100 liters per hour to approximately 10,000 liters per hour. 
In another more detailed embodiment, the process unit 
includes a vent valve in ?uid communication With the 
pressuriZed vessel. In yet another more detailed embodi 
ment, the process unit includes a controller operatively 
coupled to sensors associated With the pressuriZed vessel 
and the ?rst chemical reactor, Wherein the controller is 
operative to maintain an internal pressure Within the pres 
suriZed chamber to be greater than an internal pressure 
Within the ?rst chemical reactor. In a further detailed 
embodiment, a purge stream providing selective ?uid com 
munication betWeen an interior of the pressuriZed vessel and 
an interior of the ?rst chemical reactor. In yet a further 
detailed embodiment, the process unit includes a recycle 
stream for cycling the inert medium into and out of the 
pressuriZed vessel, Wherein a heat exchanger is in thermal 
communication With the recycle stream. In yet another more 
detailed embodiment, the process unit includes a ?rst heat 
exchanger comprising microchannels in ?uid communica 
tion With the microchannels of the ?rst chemical reactor, a 
second heat exchanger comprising microchannels in ?uid 
communication With the microchannels of the second 
chemical reactor, at least a portion of the microchannels of 
the ?rst heat exchanger are housed Within the pressuriZed 
vessel, and at least a portion of the microchannels of the 
second heat exchanger are housed Within the pressuriZed 
vessel. In a further detailed embodiment, the ?rst ?uid 
includes a product from an exothermic or endothermic 
reaction, and the second ?uid includes a reactant for an 
endothermic or an exothermic reaction. 

[0024] It is an eighth aspect of the present invention to 
provide a process unit comprising: (a) a chemical process 
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conduit including microchannels adapted to be in ?uid 
communication With a chemical process stream; and (b) a 
pressuriZed vessel containing at least a portion of the chemi 
cal process conduit, Where the pressuriZed vessel is adapted 
to be concurrently occupied a compressed medium and at 
least the portion of the chemical process conduit, Where at 
least one of the chemical process conduit and the process 
conduit includes microchannels, and Where at least a portion 
of the chemical process conduit is maintained in compres 
sion by the compressed medium Within the pressuriZed 
vessel. 

[0025] In a detailed embodiment of the eighth aspect, the 
process unit includes a process conduit in thermal commu 
nication With the chemical process conduit and in ?uid 
communication With a process conduit stream. In a more 

detailed embodiment, a ?rst reaction occurs Within the 
microchannels of the chemical process conduit, and the 
chemical process stream is adapted to be in ?uid commu 
nication With a reactant supply stream and a product stream. 
In yet a further detailed embodiment, the process conduit 
includes microchannels, While a second reaction occurs 
Within the microchannels of the process conduit, and the 
process conduit stream is adapted to be in ?uid communi 
cation With a second reactant supply stream and a second 
product stream. In another more detailed embodiment, the 
process unit includes a heat exchange recuperator adapted to 
exchange thermal energy With at least one of the reactant 
supply stream, the product stream, the second reactant 
supply stream, and the second product stream. In yet another 
more detailed embodiment, the heat exchange recuperator 
includes microchannels. In a further detailed embodiment, 
the heat exchange recuperator is at least partially contained 
Within the pressuriZed vessel. In yet a further detailed 
embodiment, the microchannels of the chemical process 
stream are Wholly contained Within the pressuriZed vessel, 
While the microchannels of the process conduit are Wholly 
contained Within the pressuriZed vessel, and the microchan 
nels of the heat exchange recuperator are Wholly contained 
Within the pressuriZed vessel. In yet another more detailed 
embodiment, the compressed medium contained Within the 
pressuriZed vessel includes an inert medium. In a further 
detailed embodiment, the compressed medium contained 
Within the pressuriZed vessel includes a reactant from at 
least one of the reactant supply stream and the second 
reactant supply stream. In still a further detailed embodi 
ment, the compressed medium contained Within the pres 
suriZed vessel includes a product from at least one of the 
product stream and the second product stream. 

[0026] It is a ninth aspect of the present invention to 
provide a method of operating a unit operation comprising 
the steps of: (a) containing a ?rst microchannel module at 
least partially Within a pressuriZed vessel, the ?rst micro 
channel module comprising a ?rst unit operation and a 
second unit operation, Where the ?rst unit operation and the 
second unit operation each include at least one of a chemical 
reactor, a mixer, a chemical separation unit, and a heat 
exchanger; (b) pressuriZing the ?rst unit operation and the 
second unit operation With a compressive medium Within the 
pressuriZed vessel; (c) operating the ?rst unit operation and 
the second unit operation to include passing a ?rst ?uid 
through the ?rst unit operation and a second ?uid through 
the second unit operation; and (d) monitoring at least one of 
an internal pressure Within the ?rst unit operation, an inter 
nal pressure Within the second unit operation, and an internal 


























